It is most often encountered to use some acids, such as nitric, hydrochloric, hydrofluoric, perchloric and sulfuric acid, for the decomposition of solid samples, such as plants, sediments and rocks, and for atomic spectroscopic analyses, such as atomic absorption spectrometry (AAS), inductively coupled plasma-atomic emission spectrometry (ICP-AES) and inductively coupled plasma-mass spectrometry (ICP-MS). In such practical analyses, nitric acid has often been used to utilize its oxidizing ability. For an ICP-MS measurement, nitric acid is used as a reagent blank solution and a washing/rinse solution, because it shows the simplest spectra of all the acids and the lowest background levels next to pure water. High-purity reagents are usually required for the sensitive determination of metals at concentrations of ppb (1 ppb = 10 -9 g ml -1 ) or ppt (1 ppt = 10 -12 g ml -1 ) levels in sample solutions. Since lower background levels lead to lower limits of detection and higher sensitivities, we must take into account the aims of the analyses and the costs of reagents when selecting the grade of reagents. However, there is little information on the amounts of metal impurities in nitric acids, as well as other acids. An estimation of the metal contents in nitric acid will lead to a more reliable trace analysis, and therefore the choice of a nitric acid grade suitable for the purpose of the analysis is very important.
Experimental
Seven kinds of nitric acids purchased from two suppliers (A and B) were evaluated by measuring their impurity levels by ICP-MS. Four kinds of reagent grades (ultrapure, for trace metal analysis, analytical and extrapure grades) from supplier A, and three kinds of reagent grades (ultrapure, analytical and extrapure grades) from supplier B were examined. Each nitric acid sample (60%, specific gravity of 1.38) was diluted with ultrapure water to give a final acid concentration of 0.1 M (1 M = 1 mol dm -3 ), and sixty-four elements in the sample solutions were simultaneously measured under normal nebulization conditions. Ultrapure water (18.2 MΩ cm -1 resistivity) was prepared with an Elix3/Milli-Q Element TR Tokyo, Japan). The operation conditions of ICP-MS system are listed in Table 1 . A multielement standard stock solution (100 ng ml -1 ) was prepared from single element standard solutions (1000 µg ml -1 ) for atomic absorption spectrometry (Wako Pure Chemicals, Osaka, Japan). The stock standard solution was diluted with 0.1 M nitric acid (Ultrapur TR , Kanto Chemicals, Tokyo, Japan) to match the final acid concentrations of the sample solutions. A three-point calibration method was used to determine trace elements: a blank (0.1 M nitric acid, prepared with Ultrapur TR nitric acid) and multielement standards, 0.1 ng ml -1 and 1 ng ml -1 , solutions were measured by ICP-MS.
Results and Discussion
The analytical results obtained for sixty-four trace elements in seven nitric acid samples (0.1 M solution) are given in Table 2 . The precision of the ion counts for most metals ranged over 5 -20%. These poor precisions were because that the metal concentration levels detected were around, or under, the instrumental limit of detection for several elements. The chemical stability for some elements in the 64 mixed metal standards in nitric acid is not very good. For example, platinum group elements (Pt, Pd, Ir, Os, Rh and Ru) tend to be stable in hydrochloric acidic media, and Ta and Nb are stable in hydrofluoric acidic media. Therefore, it is necessary to measure as soon as possible when the standard samples are prepared. Fortunately, the impurity levels of these elements are extremely low, and it is not seriously problematic in practical cases. The concentrations of Mo, Ag, Ce, Nd and Hg in the analytical reagent grade of supplier A are considerably higher than those of other nitric acids; at least, this nitric acid is not adequate for the sub-ppb analysis of metal elements. In particular, the concentrations of Mo (from 0.60 to 41.7 ng ml -1 ) and B (from 0.27 to 1.72 ng ml -1 ) in all nitric acid samples examined in this study were still higher compared with those of ultrapure water. These results suggest that the removal of Mo and B from nitric acid is very difficult in the purification process. The impurity levels for the ultrapure reagent grade of nitric acids from both suppliers are not very different; it has been proved that in most cases such a reagent grade may be suitable for ultratrace or trace metal analysis. The concentration levels of rare earth elements (REEs) in most of the nitric acids examined were down to the ppt level, which means that there should be no problem in the determination of REEs in the usual analysis (higher than ppb level), even when lower grade nitric acids, such as for trace metal analysis, analytical reagent grade, and extrapure reagent grade, are used.
The advantages of the present method focus on the simplicity and rapidity for estimating entire metal impurity levels. The best grade of nitric acid is frequently needed to obtain the lowest background level in the mass spectrum for multielement and ultra-trace metal analysis by ICP-MS. In practice, there is no way to evaluate such a high-purity reagent grade without a special enrichment method, and it can only be possible to examine for a few especially concerned elements.
In conclusion, the metal impurity data obtained by the proposed method are not absolutely precise values for some elements used in this study. However, this estimation method gives us very useful information about the entire blank level for metal analysis prior to an ICP-MS or ICP-AES measurement. We can easily select an adequate reagent grade in accordance with the purpose of the metal analysis, such as ultra-trace, trace, minor and major analysis, if we have a data-base for several kinds of reagent grades.
